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ABSTRACT

This thesis is concerned with the design of a syllabic companding filter using the
hyperbolic tangent function ( tanh ). The syllabic ‘companding fanh filter comprises a tanh
filter and a current mode peak detector. The newly proposed current mode peak detector
comprises a log-domain lowpass filter and a current squarer. A 3"“order Elliptic filter has
been designed and simulated using Cadence Spectre with process. parameter from a
0.8- zm. BiICMOS. technology. Simulation results have verified that the filter achieve 81.5 dB

dynamic range with 2.4 mW power dissipation.
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Compressor Filter Expander
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y(0) = (u(t)+ U, (1)) *h(r) (2.25)

(1) = (—u)+ Uy (1)) * h(r) (2.26)
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A3EMIMIALIANINS (convolution) ANTUFRIYIMIEHAYBIAINTDI AD
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o ' Ao o o o '
I, 1, M muamanuianeo (f) 1020AT19010909199INTDIVVADN AIWATAY AW

a feaq ¥ o
dwmesnlgluniseenuuuuaniluaisian 4.1,

4.3.2 390303209V IgAT AN U IHUAN STHAUULBUNAUANA Y
N33 lugli 4.5 annsmiwnadinsesasniumgagadyaunuudua
uaneadanlnsaadalugilii a6 Tasinaviasdsdumgagadya uuuudunauandiely

-

= @ Aaa a @
5101 4.6 n) WuInuauswunidunado v, uag -v, ansauaauiluuaen laezuniudagy
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= A Y ' [ o o g A 3 o o
M 4.6v) Taviimveausssu v_uag -v_ gndalidiwdenon Intuyvavenazaineun
v o o o $o 1 o - 1 @
srswiuiivdendinsesnnuddmiu Ididudyapuenige 29sATTuMgIgadyyIY
wwudunauanmalu Inuanszuansaadaldlavldneslugali 4.5 desouiuaesises

= v o = o =
flnuadanulszyRoanuuanlugili 4.6 )

Vv, I,R exp( ) "

: TCL RL v
| . -V, v, L [1rsCR |
V.
in
¥
o

—Lb?—b IsR,_exp( )
+

(n) (V)

Ioul=menvj t Ic:ul=n|qsm.~
I -

n Single-ended Single-ended in
o0—p{ Curent mode Curent mode |¢—0

peak detectors I peak detectors

L o % ® -
+ .J.ﬁ J_ + Vin * verr
VOUI

out

A 4

c

4

(f)

d‘. s ' o = ' o =1
3UN 4.6 2995ATIUMPIYATYUIVNVVIUNAUANA N 1) 2993 IMUANTIAU V) VaBN

lapzunsy a) 2995 Ju Tvuanseia

4.4 WHANMIVNIABININNU
2esasdumgegadyau Inuanszualugd 4.5 uazgilii 4.6 a) gnitaes
msf191uTae14 1251053 Cadence Spectre Taofmuaswisiimesnldlumsesnuuy

naadluaisen 4.1
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M31a7 4.1 MM UDIITATINVUT YN IHuAnTEId

Vees Viwe 3V.,15V.
Iy, Lo 0.6 pA

|F S P S 5 nA

L 15 pA

Gy 1 nF
fneervedIvTnTBIUURLN () ~ 4 kHz
M;s. Mg, M,; (W/L),=5/1
M. My, (W/L),=50/1
M, M,, (W/L),=100/1

Glatlouduanasunaduduaiumod ldnan13iiaeen19iinuue199a9

o o 9 o o

uaasluzli 4.7 uag 31N 4.8 mudau

o: 1in -2 lenv
zggy A% Jout=n*{113+lenv)
. % i R\/\\J\
2P%u /\\ {
— lin . |lenv oV
< 128y o YIS
N r ?-_-_L‘__ -H_H‘-—h- ﬁ“‘-_‘ﬁ—-- ﬁ“_-‘-‘--
Wy ; \
g.22
—1ﬁﬁu:-al--- TR (DN (AR O L L [ | PR Y TR T S T 1 L U T T S B |
B.3 1B8u 2%u 3@u 4@u
time ( s )

! o o o " Qs = b4
31N 4.7 HaT1A0IMININUNTATINVUMFIGA e THUANTZUAILUBUNAAIUIAYY

NWDBUNA 100 kHz YHIA 100 pA (n=2.5)
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o: lin -: —In
3ggy A1 Jenv »: [uct=n*(118+lenv)
Jpgu t /\/\J\/\‘H\{\\/\

[ lin -lin lenv Iout=n“(i10+lemL)

< 128u | / ¥ i |

g.28
—teou N A, | ADN\\ /\ :

3.8 18u Zﬁu 3u

time ( s)

51l 4.8 wan13$100IMIITITEIITAs TUMAITAT I THIANTZUAIULTUYA

HANAANANUADUNA 100 kHz YUIN 100 pA

o 3 @ ' ol kY =
HaN1331a23IN1INIIUUYDINI0IAI 'Ji]‘ilﬁﬂ"lgd?jﬂﬁﬂgig'lﬂliﬂllﬂﬂ'i?v’ll.ml‘lJ‘Uﬂ1uLﬂﬂ’J

INENATEUTLIIDULUBIIDT IANAN I NRae Az 4.9 1Az 3U7 410 @wdmy

XL @0 HE
 Zo—1, @ 16 MHz

(dc output/input amplitude)

The Iimitétioﬁ of;in:pu:t lj'a:nge

1e-5

Ui 4.9 mamssiansmigandiuveanszualias i miyasoviiave B uyAiounn

A0 0 Hz uag

1e-4

Amplitude of input current (A)

1.5 MHz
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T : | 0 o han
10 b T P St 115 S o A ERRRRRRR SR fr e
e I, @500kHz | i : i
—o— oy @ 1.5 MHz : : Ay :
— 08| . ........ .............. CRRRRE _
=N PoE g : D5 £ owowoghy : s
Q
< 06
a2
. ry
3 |
s :
R .
Q :
(1] K
T p
- 02 :
0.00 :
. i

le-5 1e-4

Amplitude of input current (A)

31t 4.10 ramsiraesTaTIEIINI IR SB MM IAADA uB IIYARSZI TAs aTin LD

BUWH 500 kHz LAY 1.5 MHz

2Ingiil 4.9 uananaiaeImIons1duIBINI T THAS 1A TIABLIAVDINIUT
Suna Taviasansieuiaud 0 Hz iag 1.5 MHz 1#0H13301503 90U d g adumna
yoeavsmtumgegadyg i ivuanszualugili 45 TAsNADATIAIUYD U NANTEUD
A3 aReUIIAYBIN I UNARIT A Z AL 2.5 i1 winmsdmuaTEufiBianes
= ' o 3 d
VOINTWTAIABT Q,; WINNIT Q,, 1INY 2.5.4M1 (n=2.5) ﬁ'asﬂuwaiﬁnszumamuw (I,) ve9
NIMF@AS Q,, NINNINIZUARDAANABIVOINTMFNADT Qs (Tg=1,oL,,,) Yizuins
' A a0y - = ot o Y ' a o 14
255 N 1, iafesmnidenisuiioudu I, -dmsuauenivansziansainoule

VINAUNITN @.11)[1]

1
im=sm-[ﬁgﬁJ (4.11)

A & ' — o A ' = o

iite 1, fie Anszualdassileniyagage uaz 1, Ao Ainszualvasaiemina
fgauaasidalugii 47 siimsdiaeslavdSumunavesdygiudunadun 10 p A 6K
280 pA 172108 0 Hz taz 1.5 MHz  1inglez ldeaanmisdhiaivesnszuddunalssinu

] L4
10 pA — 250 A Taodszina Tavsasvesdyaudunaiinsesannsaiianuldddugn
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dalaoanszua lusaRgmudmansilszanumify 12.89 pA AuAnszuadudIf
— () [ 4 P s ] ' o
Uz 280 A Tugilii 4.10 uamamdasidauvesnszuanssiouiiioninanon o mia

nszua’liase (fractional ripple(p-p)) et lRanaumsi (4.12)[1]

Fractional ripple(p- = IR(RMS
pple(p-p) (4.12)
Inc
ImMax ~ IMIN
p— 4.13
IR(RMS [ — J (4.13)

119 1 Shulssaninavosnssuanseiouioinavesnszud Ilaseluay
msfi @.13)01] TAvi1a0eHAN3 MUY RATNADUNA 500 kHz Az 1.5MHz duna
1@ innuivesdayanuduwa 1.5 MHz ﬂzfj:«mmﬂaﬁaﬁywmﬂszuanmﬁauﬁﬁmhﬁmmﬁ
duUNA 500 kHz Audyauaunan 280uA Qasaginams BusvednszuTnwluies Sall

ANTZUANTLINDUNGINN

4.5 agUwanmisdaeimsnau
“luU‘nﬁ"i.é’{ﬁuauEmﬂ‘smaﬁm’i1@1&'qﬂfc'ftgtgwmiﬂuﬂﬂsmﬁﬁﬂﬂmmms“l%'aaﬂ
E 1 A ' o v " a J
wouilaesanlunasieanilymaiginssindsuazmoorivanioluiesiinaruneaves
ooduoniiialuidifiulees lusans sianaiadmsuasesnsoauun lomosi Tudn

UNUANA luuny 5 aoly

M131aN 4.2 ﬁ;ﬂﬁminuxﬂsanmﬂinﬁuﬁwqﬂqﬂﬁiytymhnﬂmxummuﬁ’mgﬁm

HIATIOITIAY V. =3V.,V, ~15V.

=

AN UGLTY 195 pWatt

Input range 10 pA — 250 pA




a
Unns

o =Y d d
1395n50anuD)ame s I UANUNUIDUANNN IADNUNHA

dyaamuUFaaIln

5.1 uUnin
dy o a S o
‘luU'ﬂulﬁuﬂ'N‘ﬂ'iﬂ'iﬁ]\‘ll.!.‘]J“U'lﬂl.Wﬂ'ST'].Fﬁﬂll‘fluli]uﬂ‘nllﬂ'l'iﬂﬂllllwuﬂ tyq;mlm‘u

o

a a oo W 4 o g a a 3
"'lfﬁﬂ'lﬂﬂﬂuﬂ‘l]ﬁﬂ'lu Tﬂu‘ﬂﬂﬂmmmmﬂi)mmuaﬂiﬁ ﬂﬁﬂQLLUUllﬂﬂ'ﬂﬂﬂuﬂU'ﬁQ (11NN

2
¥
Ty S o = 1

susuaey) ldnannavisuaitnisnlFlunisoonuuuaeesnsosduduganuiiogalony
el A
#3570
" 55015 @aa (cascade)
13 19E¥1N I AIMANI995NTIEUAUNABINT©I303NT09 1UNI0A (biquadratic
' ¥ ¥ "
filter) 1@ oA uoad 19993 nseB AU MaTiTBms maaaiiuath 1dsuunnutionnn
ey d‘? A‘! Y o @ q’ S| 3 Y
SEwniiuiiesnnmuisneenuuuladonaz ansaiinmsliunnudaees ldasaiensliy
=y o 1 ) < Yy = ad ==
W131199390923930502 lumea luudaz 1995 00713 15NAINTOITUV8IITAINAANNDINNTIY
finau 11 Gsensitivity) Aouthagalaommiglulesniasdudugandiduapuila
®  F3nstlounauvaiuasseu (multiple-loop feedback)
v
ad ° @ ' \ do @ w
S5 18 TasmanenNaneu 1ns 3910 (transfer function) DanuAaAFusUR O
o o 1 = @ ey ' d Y| = o "
wawq Aansusuioiiuisamas  ednlsnawisvziimsldmslounauizniteees
& a n:{da 9 cndi:rdl ar
lupeaieaaniiylivessesnses nisteunaunienlsluisinenisileundy IFLF
(Inverse Follow-the-Leader Feedback)
v
u ':ﬁm'sin"mamumuﬁu"lﬂ (ladder simulation)
A ) a - 1¢:j ¥
3102 192903 ns o amadrmvutuaiulathinsesduuuylunmseenuuylesnses
¥ v
suduqs Tavamnsouonisiiaswuduiiv laiiveniudesds fo
an L4 .
- 35M3unugUnsal (element substitution)
35ii0e 1910599029955 1009m BN NNALEN 2 11 (General Impedance Network
. GIN) lumssrasamsiiauvesvaatamilsni luassuuuwadaw
- 35M311009MIANTUNT (operational simulation)
¥
o =1 d a ° o o
5mstez 19avsuuunanin lun 91899 sANUNITUD9INIDILVY

wraan
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ad @ @ : Ao 3 1Y dy "
MNIEMseenIULIIINTBIsuAFITIm NIt Anaaaludedutiagy1ddnens
P s, o : s =1 - 1 ao o d

nyedeenUULAITEMs awmuuTuiiy lavziiany lafidun uadedendiwiynfedees
Ay o v 7o ' ¥ A A w A ad o w 9
n"lﬂﬂshqﬂnsmmmuﬂaummmmamummﬁmmﬂﬂuaz'sﬁ{lauﬂawmmqsau v
n52 ndnﬁmmﬁuﬁﬁwmwsunzf‘ﬁimiaammmqﬂsﬂ'smuwmﬁﬁﬂﬁnﬁuﬁuﬁﬁmﬁw
M FUATIZHISAUUVVIINIININTBIVUNT TR UANUAUF-AUAULTY (Gm-C filter)
Lazuaaen IR eiaesnsoauy lames Tudnumunuaniins AeUUNUATYY IR
Faariinsusuiiamenaseinsesuunsudasudnuaud-aufulszgduuuy  Waded 5.3
LEAINNT BRI N BINIWDR LIV LI aalANS uUR DT a1 1adeT 5.4 uaAINams
$1a09m3MNNYes i auD. Taus1aeenan1aiiauyea239398 Tdsunsy Cadence

Y w9 = 4 =l
Spectre LazgANIONIvBA 5.5 nadeunaiy

LA
5.2 ﬂm’ﬂuﬁﬂ’llﬂﬁ']ﬂﬁ]ﬁ!mg’,ﬂ1ﬁﬂﬂmﬁl‘ﬂ
5.2.1 1393032 WVUNTNUARBUN A L-F IR 2Y
o o 9 x:f 9 A | g < B 3 ac
nnumihdedi 1didenit nseenuuulasnisauleadAndeisnsiew
nduvatwaesey  Taoigdiuuna livesflandud i 9snseaouAuiiay ausoudas

Faaun1an (5.1) Aau [24]

As®+ 45"+ As+ A,

H,(s)=
i) B;s’ +B,s" +Bis+1

(5.1

v gm, rﬁ
2
+ =c am, - vout
c l 3 . gm,

- s o ¢ o o o @ el
suUn s 1995 NFOWVUNI U FADUANUANT-A ANV s T YO UAUN DY

e [ s <
’Ni]'iﬂ:im'nmmﬁ]u’Ni)sé’fmmnﬁmmsnsmuuumw f‘fﬂauﬂmmucﬁ-mmu

aq Yo s & o o ' [ o
Uszqil955matleundunanissovasiins eundvuuy 1FLF saudoiumsilouduyau

=

Sunalldalnuavenaes TaviuTasaiionsmdnoudAnuaudduNA (inverse follow the
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leader feedback (IFLF) and Input Distribution) i lugidi 5.1 Hafuderiueed191inges

v v
waadluaunish (5.2) A

y ﬂ471727333 +(ﬂ4 + ﬂ,)r,r,sz +()64 + ﬂ:)rls “‘(ﬁ4 + ﬁl) (5.2)

3 2
T\ T,T,8 + 17,8 +7,5+1

H(s)=

o Fa
fvuald

rj=CJ/g771j (5.3)
B, =gm,|em, (5.4)
¥ =gms/gm, (5.5)

: 5 . h ; ) »
iloj=1,2,3.... n nSoudiouaunsi (5.2) Auaumsi (s.1) pazimuald y=1 v'ldm

= o 9 @ dy
WITWADT 7 ,ﬂj Gl‘ﬁalumsa’ﬂmmumu
1B & b A D [ B (5.3)
ﬂl':Au*ﬁa ) ﬁzz(Al/Bl)_ﬁa s ﬁ3:(A2/B2)—ﬁ4 s ﬂ-::AJ/Bs (5'4)

P - ' a o - ° [~

WDITUIAUAITN (5.1) TINNVAUNITN (5.2),(5.3), (5.4) 11130 INeBNLU VT U9INTBY
a e Y3 o Y = Y o

nuueanlin lddronisimualy A=A=0 _LRZN p =1 Lﬂuwaiﬂzawwwﬂmaaaaﬂsnsaq

tﬁﬂuﬂW@éﬁIﬂuﬂ V, (gm, =gm =l,gm, =0) OFAL]
y=1, B, =4y , p,=0, B, =4,/B, , B, =0 (5.5)
- a ]
unuaumIn 6.5) luaumsn 5.2) w1a

H(_v): ﬁ3r|r2s2 + (5.6)

3 2
TT,T,8 +T,T,8° +17,8 +1

P o ¢ Y Y =
NAVUNITN (5.3) unz (5.4) mmmﬁamﬂ:ma%iniamuuvu"lmmﬂﬂu;ﬂﬂ 5.2
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311 5.2 7993 nIpaUNSMdRBUANIAUE-AuRul sz Yueaa AN Uy HT

4 ; = 4 " d s
522 2303n303nNudmEHrY lameI UGN UIDUATNIM INDUINUATY Y I

o o

U FamDadUaUNa N

= [y d o o
WUITUINITDDNUUVIAIVINTBDILUUNITU 'C{ﬂﬂﬂﬂﬂllﬂﬂ‘ﬁ'ﬂ')iﬂﬂﬂi?ﬁﬂ Nﬁ)iﬁu

¥
Yo

wunlugdit 5.2 Woulugduyyvesaums KCL's Tagsil

G, ’;i =—gmVy+gm,V, (5.7)
C, ¥, = gmy (Vi=V,) (5.8)
€} &1 =gm, (V, = V)4 gmaV, (5.9)

dmsursnsesniinisnennuAdy sy Faarind mua i dyguiinua

@ 1 o/ 2 - - - o IS d‘ ¥
gn15uuAIR I TA 0L (state variables) A8 Vs Vy 11DE ¥, UAIAIAUNITN (5.10) nazla
HEAAINITAATIZH TUAIAHLIN 3.

V=gV, " Vy=gV, , V,=gl; (5.10)

o gy udsumniinisndsundasnuiand (time-varying) INAUNITN (5.7)-(5.9)
aa o = =) ) o

1115 DUAAITUMTVDIIIVIATBINTINMIABULNUA TRV DTA LA TAUMTHIDYHUS

Tuauman (5.10) lanaii

LI (5.11)
dt
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4y ViV, g (5.12)
dt
d - . .

V,=gV+¥, g (5.13)

dt

i g(r) ABOUIUTURY g() MUAUNAT INUANNIST (5.7)-(5.10) Tuaunsh (15.1D)-(5.13)

awla

4p zg[uﬂﬁ+&ym}[ﬁjé (5.14)
dt Crge==; g
. a7z V)
Ly orE N _ng (5.15)
dt Y\ 8 & 8
’ 7 L v\
_‘LV}:g & Kl_ﬂ +§&Vm e g (516)
dr SR TP G g
VINAUNIIN (5:14)-(5.16) samalugiinnyegidioa

d gm; ~  gm g.' .

En. N & piCT~ 7 (5.17)
& Y QY & ‘

d » gmyfts - é»

—V, = 2L (RPN 2V, (5.18)
di’ G, A g’

d, gmop gy g5 gmy

L g o STl ® 1V, + 5063 oy (5.19)
erC'Jz[QgJ il

= o 7 o o a 9 Vo
INAUNITN (5.17)-(5.19) AWITDAINIY (transform) ri'flu’ﬁlamiu"lamaﬂuammumuw .lﬂﬂﬁ

nanaae 1
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= 1—Z+ fy tanh N (5.20)
17 |VT 2Vr
V.
—tanh[—2]= Lo {tanh( d ]—tanh(—3]]+ g tanh[ 2 J
c o\ 2w, )T G, 20, w, )|y 2,
—| 22 i tanh s (5.21)
7TV, 2,
v ] v
itanh[—’J=—19}—'(anh[&—}— ]—7+~!£- tanh(£)+—hﬂtanh[i] (5.22)
@t § 4\ 27T Cs — O VT oL i VA e e V72

A o Y o o as 2 2 a2 w ﬂ = ¥
demmuali g =7, = al, waziinismismen ile =1, [r, Wiesmannihagaduves

env.

u’l‘ @ = @ o @
2993039913 v mimeuR U veaAuAIa R (5.20)-(5.22) 1InauN13 0y Fve sl aidu

¥
=1

lawes TUanuALIINAFUMITN(3.13) 1Ana

3 I
L secn? X iI,—Vl:—&ﬂanh 1Y, Doy L 4 5l anh LA
2, Y YA TTAR 2V o R ST T Y4

_| ¥ g o tanh[i} (5.23)
L 7€’ 20,
LsechZ §<B iV, = o tanh N —tanh 5 + ly tanh iR
2, 20, Jdt 2 CY, 2, 2w ) o, 2,
—_— Ii+m1', [anh VZ (524)
1, GV, 2W,

W 4 V. / V
J—scch' 2 iV‘ =£1anh el 1774_[;3 tanh| —— |+ tanh| —% (5.25)
20, w Ja oy, 2, ) | L o 2, ) ¢, 2,
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¥

NN (5.23)-(5.25) FaaumsInalddaii

. W b V
C,V, = =21, cosh’| — |tanh 5 +21,,, cosh’ 18 tanh| —2 |+ 2/, cosh?| — |tanh e
2V, 2V, 2V, 2V, 2V, 2V,

T

-2 ClVT[—Z+ID lanh(i} (5.26)
I 2V;
; [
C; ¥ =21, cosh® Y2 | an| P2 |- tank L +21/, cosh’ Y2 | jann| 22
2, 2, 2, 2, 2,
-2 CZVTQ-M’D cosh? /2 tanh{ 2 (5.27)
4 2, 2,

. V [ V V
C,V, = 21, cosh’| —=|tanh 6 24 4 C3V,£Z—+]m cosh’| = [tanh| —-
’ 2V, 2V, I ) 2V, 2V

T T z T 3

D) :
+21,,, cosh’ {—3] tanh(ij (5.28)
} 2), 2

T =

naunisienanyaias Insw luaums i @.16) lag 317) unuaaluaunish (5.26) uag

(5.27) 1z 18
; V,
C ¥V, =1,|1+cosh LA tanh S ~ 1y | 1+cosh L tanh =3 + [ysinh| —
v, W, v 2, v,
| cwtzr |sion| & (5.29)
I vy
C, 1;2 =1, | 1+cosh 143 tanh 4 —tanh i + 1, sinh 64
: v, W, 20, v,
I, (v
-| CV; =L +1, [sinh| = (5.30)
I, v,
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. V, V.
C,V, = I,,| 1+cosh| = | [tanh| —2- |- IO3+C3VT[—Z sinh L1
Ve 2V 1, V;
+1,,,| 1+cosh L] tanh Yo (5.31)
v, 2,

INAUNTN (5.29)-(5.31) Saaunsiieliaenisti lesnuuuiulaes lamesanlaland

naza993 lemesanlariainnanuan v. daeglii v, 1 307 v2 nazgulil v.3 awdidy 14

AUNTAIN
. y -
C, ¥, =21, | 1+cosh| == {tanh Vi =21,,,|.1+cosh Y W iann| 22 +21sinh Lo
VT 2VT Vr 2Vr Vr
v I \ .
-2 —C’—Tlf7+ 1, |sinh .. (5.32)
p 7, v,
. % vV
C,V, =21,| 1 +cosh| -4 Wl tanh} = |=tanh e +2{;sinh 28
: v, 2, 20, v
VA, v
—2{—(‘&—4% sinh[—zJ (5.33)
\ \ £ X,

< |4
C,V, =21, 1+cosh &y tanh Ya, -2 ]03+C3 rtz sinh A
A v, 2, 2 2, v,
V.
+21, .| 1+cosh| — | |tanh ! (5.34)
: v, 2,

V.
o, i a 5.35)
Za"(zv] ¢

ol
r

V., =2V, tanh' [i—} (5.36)

Z
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Y o [ d Ao 1 aa
naumsamuugnsoth lduanziidhuasesnsesnnuddriuuuuieadldn

o = do a A s d @ a a a
Yamos Tuanununudsuduiimuiinnouuwuddyaauvudaaidauaaslugli 5.3

Taviiasesnsealugilii 5.3 ﬁm%'ﬂmmmﬁ‘lm%uﬁwmawsniaa"lf’fﬁmﬁuﬁqﬁ'ui‘luﬁwﬁn

). e i) )]

HAAIMINATIZH Iumaruan 9. Tagtinneesiuia “fuuwjmﬂizuﬁ‘mwuiugﬂﬁ 1.2 AD37

1993 NIHAT Y UNTEUAVALBY [

Au2993 Iugln 5.3

Tanh filter

I
I
|
|
I
|
!
I
I
I
I
|
I
|
|
!

|
1
I
|
Compressor :
I
o v S |
- 1 | Expander
I
| |
v I t»—_'
_ 1 J T | Vbase
Iz_nlenv | =
| | T

b, o = oS d o

507 5.3 29vnseannuadwiunyulemes TuanumuauATINITAB LN WA BIY

FAAUAOUA LN Y

5.3 19030309 lamesluanumuauAduFURamRIinITReNINUAT Y TIIDY
oy =Y
Faaun

Taee i &t duenssenUUL2s NI BIA LMK IMIIVIBaa AN UADia N

Tasdedmuaguauianldlumsesnuuuszy 1ilumseii s
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mai 5.1 Jeimuanuauidvedsesnsean A LuUUeAdUANS UL

ﬂﬂnéﬁﬂﬂﬂﬂ (Cutoff frequency) 1 MHz
mm‘t’i;huﬁ"wswmuﬁ'fgtymﬂszaﬁﬂuquﬂ(Max. Passband Ripple) 0.1 dB
mmﬁwqe&é’mm&mauﬁ'ngtuumﬂiz;ﬁﬂmhqﬂ(Min. Stopband attenuation) 11dB
SandInveInIENgARBAINEMIY (o,/w,) 1.4

INANNTN (5.6) NINIFITARITIINITODNUVUIININTDI[25) A1udei 1M UATINAIT N 5.1

9 d o ] " a :
2 ladanFuaaruaIl

(0.414315° +1)

- (0.4441255 + 0.87101s% +1.02151s +1) (537)
VINAUNTN (5.1) Haz (5.3) HIMAIAIINT (time constant) MnauMsi (5.37) T¥eait
r, =B, =1.02151
t, =B,/ B, =(0,87101/1.02151) = 0.85267
7, = By /B, =(0.444125/0.87101) = 0.50989 (5.38)
ainasvsnsealugifi s 3 A dRBUANIAIFUBIINE S DTlAFaR
= 2o, [V (5.39)
fmualdamiudneusnuaudalslumsosnuuudai
gm, = gm, = gm, =384.62uS (5.40)

PINAUNITT (5.4) 1D (5.40) AIUIUMIAIMNIIUTABUANUAUS gm,, 1OT gm,, VINTUNITH

(5.5) Taoioumsiiwes nuaumsi (5.1) wld

gm, = B, -gm = A, -gm, = gm =384.62uS
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0.41431]

—]-384.62;:5‘ =182.95u8 (5.41)
0.87101

A
gm(rJ = ﬁ} 'gm] ='_2'gm3 =(
BI
NANNITN (5.39) , (5.40) az (5.41) AruviAnszua ludanafivedd9snseszin 5.3

v
1&aati
=1y, =1y, =1, =5ud ,I,=2.5ud (5.42)

o o = o a ; . E = " a o
ﬁnﬂuumﬂﬁﬂuﬂ‘;ua{"lammmn (frequency denormalization) munmﬂauumauﬁuﬂum

o o o
ﬂﬂﬂﬁ?lﬂﬂﬂixﬂﬂ1ﬂ aUNITAIU

1

— 5.43
s ( Cl/cuj1 ) : )

Le(s) =2, (5w, )=

o w, = 22, A MpwEAuETINlaFn D vInauNsh (5.3) naz (543) TdTlanduves

' @ d o i
maunullszy Al

L gmr,

4
(UP

(5.44)

unuAIENMST (538) , (5.40) Az (5.41) luaunisn (5.44) Meriavesaunulsznldlu

¥
=4

MITUATIZH395 1ada
C, = 62.53pF= 60pE ;)C, =52.19pF'= 5S0pF.), C, =31.20pF =32pF (5.45)

5.4 WAN1391809MININU

29930509 NU AR WML D aAYAn Tames Tudnunuwudduduila il
n15ﬂauu:wu?‘fﬁ’zymgmuuu%amﬁﬂuﬁm"lugﬂﬁ 53 wamsfiaeamsniauvednsns laoly
T1/51Un5Y Cadence Spectre #2015 1 ImaTuTat BICMOS vu1a 0.8 luaspunazai1ved
wisiimesluasesniealuglii 5.3 Amuadail 1=1,=1,,=1,,=1,,= S ud , 1,,=2.5ud,
C,=60 pF , C,=50 pF ,C,=32 pF , VCC =3 Vuazr v, = 1.5V

mngﬂﬁ 5.4 uﬁmnamsﬂ"mamaﬂauﬁummammﬁmmawsnsaﬂugﬂﬁ 53
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0.1dB uazaNuingasasaaneudyanszifeumigaiszany 12 dB Fsegludermue
Auavianseanuuy UM 5.1

21ng1lii 5.5 uaAIramI 1AL INANDLALBINININIWBIIINTB T 5.3 iile
o & a
sasvmunszuavesainsealsanamiluilumaluninavenssuadunanazioninalnd
Aosdudaaaluzl  dwminszualudauuumnaia (dynamic bias current) nl,,, (n=2.5) Hifi1

iy 2.5 mhveanszuadunaveanvsnsesnIng Idiinaueruudr luuni 4
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2@@u 1: Iin = Iout
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Somsuaassiasinsianers liindiawuazanumumislaadudygrusuniuei
W@ (output noise spectral density) ¥1M13AIUININAINE 0-1.5 MHz 1nnstleudgyyiu
mzuﬁﬁuuﬂﬁmmﬁ 400kHz Tumsiansmsianddadasmfdonaiavesissnies
sndao Tassrsvesduaivdonaiasufinsannnunavesdyg e niyalsznumiing
1mmﬁ’aujtuu'lmsumuﬁwmnmmﬁum 12,62 nA. udUSvvuIAveIFYYIUNTZUTDUNA
smnszﬁaﬁwmaﬁinﬁﬂﬁﬁﬁmﬁvmmmnﬁhqmn‘uummmﬁi};mmﬂszuﬁﬁmﬁnﬂ 40 dB.
fvnanszuaduna 150 pA oz ldmBunaiidonaIngeqaved99INIBANIND 81.5 dB. AY

waaalugli 5.8

1e-2

T e T —TT T T T T T T T

—&— Fundamental
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— 1e5 o
M -
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2 qe7[ (0:15MHz 0
3 L&
< 1e8 v—v——r—v—vv—*gf
E \ "
2 1e9 o0
3 150 uA
O a4 0

1e-11 ,

0
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1e-13 MR A YAY i P | PR e (OO | s el L i auaaal AW N
1e-9 1e-8 1e-7 1e-6 1e-5 1e-4 1e-3

Input Amplitude (A)
b s o & a3
3‘1.'1‘] 5.8 wamsmamm‘smmmgﬂummummawﬁnsm

a o

5.5 ﬁ‘;ﬂﬂﬂﬂfj‘ﬂ"lﬁﬂ&ﬂﬁﬂ]ﬂu
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luganszianaia (dynamic biasing) A83I41I995 AIAFUAIHIUAIININ (transconductance)
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Tuanlad mamssraeamsmauvetsesnsesansnliyrsvesduyaivdonaingagam
fu 815 dB. uazwdanugadovesnnsmiiiy 24 mw. gaioldaginSouiivunaves

MFsuguido nuudian sifidowaiauazuaasiiueiunaladiidanugaido

'
~

(normarlized power disspation) [18] Tu@un139 (5.46) ¥99299503 panvundaivi Idinaue

suneunininaadluaisiei 5.2

Power cons. (5.46)

Power per pole and f, ,[J]=
per p aanl] Order * Cut-off freq.

bl

Ariidonaiafiuaaaluaised 5.2 1dgnimuadasmivesvinadaygimsuyaiits
asnnuiluFuduvesduaaueniyasy (THD < 40 dB way S/N > 0 dB) 1InA1514i 5.2
Han1si1aeansianui ldnnineinutiauii iaasdmesuua lagmdsnugadominy

800E-12 J. [40]
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Process Type of filter Supply [V] | Power cons. | Cut-off freq. (f,,,) | Order | Power per pole and f,,,(J] | DR [dB] Ref.
BiCMOS Log-domain 1.2 23.04W 320 kHz 3 24.0E-12 57 [26]
(Instantaneously-companding ) 59.0 pW " 950 kHz 3 20.7E-12 52
BiCMOS Gm-C 3.0 1.5 mW 30 MHz 2 191.7E-12 60.5 [27]
Bipolar Gm-C 2.5 2.5 mW 192 kHz 3 43E-9 69 (28]
Bipolar Log-domain 1.3 6.0 uW 8 kHz 2 375.0E-12 57 [29]
(Instantaneously-companding )
CMOS Gm-C 3.0 12.6. uW 945 Hz 3 4 4E-9 63 (30]
Bipolar Gm-C 1.0 100 pW 9 kHz 5 2.2E-9 56 (31]
CMOS Gm-C 1 0 10.5 uW 100 kHz 5 21.0E-12 68 (32]
CMOS Gm-C 2.5 40 pW 70 kHz 2 285.7E-12 75 [33]
BiCMOS Class-AB Log-domain 1.2 65w 320 kHz 3 67.7E-12 65 [12]
(Instantaneously-companding ) 170 pW % 177.1E=12
CMOS Gm-C 1.5 375 uW 525 kHz 5 142.9E-12 67 [34]
Bipolar Class-AB Log-domain 1.2 6.5mW " 30 MHz 3 72.2E-12 62.5 (35]
(Instantaneously-companding ) 6.5 MW" 100 MHz 3 21.7E-12 50
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Process Type of filter Supply [V] | Power cons. | Cut-off freq. (f ;) | Order | Power per pole and f,,[J] | DR [dB] Ref.
BiCMOS Log-domain 1.2 23 1W 320 kHz 3 24 0E-12 57 [36]
(Instantaneously-companding )
BiICMOS Gm-C 2.5 13 mW 600 kHz 7 3095.0E-12 77 [37]
CMOS Active-RC 5 580 pW 40 MHz 2 7.25E-12 41.3 [38]
BiCMOS Pseudo-differential Log-domain 275 21.6 mW 2 930 kHz 3 9350 E-12 112 [39]
(Syllabically-companding using
dynamic biasing)
BiCMOS Tanh-domain 3.0 24mW " I MHz 3 800E-12 81.5 | This work
(Syllabically-companding) [40]
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Abstract
This paper presents a novel current-mode peak detector a v

proposed  circuit
log-domain lowpass filter and a current squarcr.®

using a 0.8 pm BiCMOS  technology. The

comprises  a
HSPICE simulation show ‘that the circuit can detect the input

peak amplitude from 30 pA to 1.4 mA with low ripple current.

Keywords : peak detectors , log-domain filter , analog circuit .
1. umn

239353579 SUAqag Aoy 0 (peak detector ) gnFam
12195 1uanaTn (Dynamic Biasing) dmivnavinsesdenla’
1uU (log-domain filter) mnﬁni‘:ﬁun‘i‘l “syllabic companding” I.‘I"‘ttl
ufly SNR 1Az Dynamic range -uonuminqn'nuﬁ'lﬁﬂﬁuﬁmfu

- - 4 .
(1] Faasluvdenlaozunsugin 1 Fal¥dauvos Peak detector

Compressor Linear filter Expander

u(t) ¥yl
input u'(t) y'(0) ot
—T_’ e T(s)

I

! ! [} i

! ! 1 i

I 1 1 1

A | !

L_’_ Envelop detector ::I______.‘“-:

(Peak detector)

. o - -
i 1 vdenlaszunsuiesnseaniimatin

“Syllabic Companding”™

J3uvuiaveedudInAsady I (Compressor). AINTBIUVUIT
(U (Linear filter) Un=AUH WG YY1 (Expander) Wulswdou
AvAveI T uBuNA
oLl insinuelsssansivigeqadyg s

uTnuanszualaolfuuianuaalunisoonuurneiniesaig
i’urhqaqnﬂ'q;qwﬂxh:nwﬁm'inluﬂ Fafumiu (R) uazdaiiy
1529 (C) Tat@ Tunsesitiaue (1) A3 1¥esveweotuond
(OP-Amp) ¥20 W unumuiAaEa TmiuFoavoslalea
'lnﬁ'qnunﬁmnﬁu{umims'l-l's'umluuuﬂv:ﬂ'n'lﬁnﬁnumﬁu fie

L ooremussssdieuilinaroNaidudn ImiluwFoalumy
ns m:uﬂ-lawm'ln'lnnﬁ'l'lﬁtﬁnn'zmﬁnwmn{u'lu
nigifdygraduyminnadn
/ 3@ Adeen Ipuiasn Tniiudoaveslalealnd
xﬁmqaunn’mﬂ#m:v’u’m'lﬁﬁ'mwmuqﬂﬂmonumoﬂ
wouinndudsdasaneidosnmunaszuy
ynANuTIITEe2193ATRT uMgagAdyyIu Tnua
nssuruUUB AR RTRzIU LU LANAY Famnzauons
i ldadaaihaaess asesiinmiodsznoudao nesoniidsmes
JrufuresInssammdduuien faui 2 eSuionAnmIieIY
vovsasniumgagadygiuTnuayssSrunsTuuanszud
dud 3 urawam I MBeNITRIINMYBINTIINMID drui 4
nanfaumag unzldirnomansinuvensesdioTusunsy

HSPICE

2. wanmMIMmau

21 29398 umgagadyenalnuaus

MV

I.RLe

n)

- - s d - - ~ -
n11l.|1:‘lzll"l'li‘ln11ﬂ“l\11ﬂ‘l n””‘lﬂﬂ" ATIN 25 (EECON*:S) 21 - 22 nAINILH 2545 Nﬂ'l'lﬂu"lautla‘na‘luﬂ'lwnf

16



Yi

IR ee\wwo
s L
" IﬂCLR'_

)

Ui 2 nvsmndumqegadyy i inuaussdu n) 293

d
y) vdonlapziniy

@ o o o
nesnsvtumgegadyyiwluTnuansiauinlszney

Zr0laTen 2 un i (R) uazdniulizy (C) ansouanasldlu
- 4 a - P v

U 1 n) Foivwlddwvdenlaezunsudaluglint v e v

forasves v, iy v, gndaludadansziinimdn Tndiuden

uazdne hdadansziimsnsesnamddae ) sngn2 mwise

2
Wouuns laaati

M(Vin 1. Vom) ‘

Ry
S
‘.’Om = exp (1)
I+SCLRL) Vt
100
s m=1
m=2
Mo mes
+ m=18
i mem 8
u L
o 20
>* g |
E
§
_wF
-60
-8d
W W A .

U7 3 nsmiquanuuzveslalonviiaseudoiiou

¥
- .

Taofirmisiimes M=1uaz v_ =V, Nsteziimg
a1 - - A a ad -
fumgagavosdyyudunaiiensun lalealugauafsus iy
anasoudaiuvus 1850 Tudaasslifwninuguinazer hisinszua

b M e s 1
InasidniudielaTealdsuuseiuludandy uanuilusiniu

v o e o a a a o
usssuitlalealimidusudvuz1asuludanss  Tailnarinld

¢ Y w o A an
wninaiiduussduIdassvesesas niumgagadyyudiin
Vouniigagavesduym ninaumsnszuaveslaloaduiusiv

d d a - - ] v o A
I.fJﬂ]ﬂlﬂﬂl‘!ﬂﬂ\lﬂdlﬂlﬂ“ﬂﬂﬂﬂ‘iEI‘LIWJ'.UUFIB

iy = ]scxp(M . Vle) (2)

106

o Luaz v, Ao nszuadudiveslaTeauns Themal
voltage AAWY Taviinmaiined M=1 dmivlaleait 19w
51 uadmersuinnnsmgudnyuzveslalealugi s vims
normalized #2071 (V,/v) fusmrsifimes M udsudvuy sz
ﬁamn'ld"htﬁuﬂﬂﬂn:ﬂmm*ﬁunﬁ'lﬂﬂﬁ]an'luqﬁuﬂimni'futﬁo
fmsiimes M iAmndu uazendulaloagaundilonni
Sined M=o iifeumuslumumsi 2) FafunavoIMTRLA IS
fimod M Wnndu musondlvaugndesvesdyg e ning

o a

Tuns@indyymsunaiivimdn1d

27 2903050 umgagady I InuAnSTHaNYY

My

anuienlaozinsuluil 1 v) aunsaimanmsuesn
wuihinssassiumiggedygulunuanszuald  Tasdou
B o AT AT AT amnsead 1 laosesnsosnaud
drnuvaen Tawu(2) Fafuaunsoinnadaudonlaozunsy
WaagUita uienlaozunsuludulsziiuudenlaozunsuvons

43 4
asnspennNadmuuaon Tamu [3]

Verr = Vi!n 3)
[Cl'l'
M
I
]
V6 T @)
Ien‘
ly
Vy = Vglo| — (5)
'0
i (3) Tuaunisn (4) waz (5) eld
M-V
e
Iy = Igexp) (6)
Vi

A ' a = d - -
e 1, Wuawan wSvumouaunisn (6) Auaunsh
i ' H 3 v - 4
@ 1, Aenszuad Inadulaleai Tuade ldsiansesniuiuuy
- . - ' o ot a
R-C Tugtit2n)  daunszua 1 g4 gnashldeduvesdui
IASIABT LML (damping integrator) Twravsnseanuvdon A
o - o d - - ) - o
dunannsitsuvesvdenlaezunsulugiin 4 Sanideudundn
. v i g @ g
msieeesasiumgagadyyiw Tnuausedulugln 2
: 4 Y .
Ssrmnsotivdentaezunsulupi 4 wdunseiidlunaeds

Tugdn 5 Tesaansouansaums NITUTB M HAVEIIIATINNY

& - s -
madszgaismamaiaanssalnia adsil 25 (EECON-25) 21 - 22 wn@Sn uw 2545 v iNtALaIBAMAITWNS

17

EL



=~

107

r Log-domain Filter
v I 11 v
e z " X
1 1 I
P Io CoMf ! Iy v ||
Veln| —— | Igexp > v + Vyn| == [} 1gexp| —
- err Vi 0 | ) Vi u
I
|

M

e e o H—HE e o]
! 4 Q1 Q

[——

¥

Log-domain Filter

l
|
I
!
l
|
I
l

LOG

31 5 23R ndUMgIEATyg e TnuAns MR R Y M=2 (Tawaa9sunindames)

fqeqadyyi Tnuanszue lAdamumsn (7

(8)

A - - o P '

WenSouiRouaumsh (7) Auaunisi (1) 9218993
wlugli s sivnandunesaseduigagadyy i Tnuanszud
et a o o o - “
A1 M=2 uazifnnunnoed (@) AITUNTIN (8) Tauhn
' 4o v o A a
fnwianeerszilumndimuavuiaveanszuanssnou

< P v e w

wnine Tavi (@) duilaiduvesnszualudaiuduiulszy

P ' - A o
Tuaumisi (8) fian (W) VAMNYVUIAVEINTZUANTZINOUN
wwiwanstiaman lunmenauiudia (@) SAnfosvuinves

A a P )
NITUANITIAD UMD IMHANITUAIUDY

K

HAUANA 13

2059 TuMgIgaduana I nAn SEIIIIDAY

= o w v
imeeslugli 5 asniwnadineesasieiuigs

gadyyuuuudunauana lalasad Wwlugilit 6

()

IIRLexp( )

+

+

IR exp( )

V‘. + ?
-V
n C“)
+

Y <
i

I fsCLPI

(v)

madsenuin msnasiaanssainia a3oR 25 (EECON-25) 21 - 22 nn@dnnum 2545 ainmasavamaiund

18



I

17

Single-ended Curent e
mode peak detectors

n Single-ended Curent
mode peak detectors
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1¥mnaTuTad BicMOs wu1a 0.8 Tunseu Amasugydonan

321 mW. nazTidyamsunIniie iy 16.96nA

Abstract

This paper presents a new syllabic companding fanh filter
for wide dynamic range and low power dissipation. Spectre simulation
show that the input range of the filter is 83.6 dB has been designed
ina 0.8 um BiCMOS technology. - In its quiescent condition, the filter

consumers 3.21 mW and has an_output noise of 16.96 nA___.

Keywords : Syllabic-Companding, tanh filter , analog circuit .
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A 3™-order Elliptic Syllabic-Companding tanh Filter
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ABSTRACT

This paper presents a systematic design of a
Syllabic-companding, 3 order Elliptic filter based on
the non-linear hyperbolic tangent function. The
proposed filter, which includes a new current-mode
peak detector, is realised by using a 0.8 ym BiCMOS
technology. Circuit simulation shows that the filter
can achieve a maximum input dynamic range of 81.5
dB, while draining 0.8 mA quiescent current from a 3V
power supply voltage.

1. INTRODUCTION

It has been shown that power dissipattion of an
Analog Signal Processing (ASP) circuit is directly
proportional to the required signal to noise power ratio
(SNR)[1]. In a conventional ASP circuit, where the
noise level is constant, the desired SNR must be met at
the minimum input signal level and over a large input
signal range. This leads to an input dynamic range
(DR) much larger than the necessary SNR, which
results in a waste of energy drain in a circuit. It has
been suggested that the unnecessary encrgy waste can
be overcome by using a companding ‘signal
processor[2]. Syllabic companding ‘is a general
technique for designing systems with wide dynamic
range and low power dissipation. It has  been
demonstrated in [3.,4] that syllabic companding can be
applied to enhance both- SNR and DR of a
conventional linear Gm-C filter.

A general block diagram of a syllabic companding
filter is shown in Fig.l. A linecar filter is placed
between two amplifiers with gains g (Compressor) and
1/g (Expander). The gain of the compressor and
expander are controlled by a signal which is
proportional to either the input or output signal level,
in this particular case, the envelope of the input signal.
This is to keep the signal within the filter above the
noise level and below the saturation level.

Compressor Linear filter Expander
u(n) 4 £ )
input w'(n yin output
> g hit)
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I

Envelop detector
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Figurel. A syllabic companding configuration.

Recently, there has been a considerable interest in
syllabic companding filter[2-5]. This paper proposes a
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new syllabic companding elliptic filter using a
hyperbolic tangent function. Section 2 describes the
design of a 3" order elliptic syllabic companding
filter. Section 3 the circuit implementation and Section
4 describes the new current-mode peak detector using
a log-domain lowpass filter and a current squarer.
Simulation results are given in Section 5, while
Congclusion is given in Section 6.

2. A 3“_ORDER SYLLABIC COMPANDING
ELLIPTIC FILLTER

A companding filter can be derived from a linear
Gm-C counterpart as. described in [3]. Consider a
3.order linear Gm-C filter as show in Fig. 2(a), a
syllabic companding counterpart can be realised by
adding an input compressor and an output expander as
depicted in Fig.1. The gain of the compressor and the
expander are made to be dependent on the envelope of

the input signal, as shown in Fig. 2(b), thus U= gU,
Y= g"l%. When g is inversely proportional to the
input signal envelope. It can be shown that

gy

C;

g

1

2

K U8, M A (1)

12 ‘V2

where ¥(7) denotes the derivative of ¥(#) with respect
to time. The modified state variables V;, ¥, and V, are
given by
J},=gV, ';'J‘_‘ng 2
where g(1) is a time-varying quantity.
A 3".order elliptic lowpass filter is chosen as a

design example. The filter specifications are
summarized in Tablel.

Tablel. A 3"-order elliptic filter characteristics

Cutoff frequency 1 MHz
Max. Passband Ripple 0.1dB
Min. Stopband attenuation 11 dB
Stopband/Passband edge frequency 1.4

The 3"“-order Gm-C elliptic filter prototype is
shown in Fig. 3. We can write down the node
equations of the circuit as show in (3)-(5).

CIVI =-gmV, +gm,V, 3)
C2V3=gm2(V,—V3) (4)
CJV] = gm;(Vz =¥y )* gm V., (5)



The node equations of the companding filter are
obtained, as given by (6)-(8), by applying the modified
state variables in (2) to the original node equations in

(3)-(5)-

v, =507, +g Lgv, +£7, (6)
G
A gm - - g N
2 ='E.2l(V1 "Va)"’EVz (7)
s gmy &y M3
p,=20p .l v, + &0 oy (8)
3 3 2 ( C3 g] C3 i

where g(¢) denotes the derivative of g(r) with

respect to time. By choosing g =/ =nl.,, and
compensating for the term g/g, we can write down

the final node equations for the 3™-order syllabic
companding Elliptic filter as given by (9). A simplified
block diagram of the 3"-order filter circuit which
satisfies the node equations in (9), is depicted in
Fig. 4. The circuit implementation of each building
block is described in the following section.

C V= vy (l +cosh (-;'—))(tanh (:Tm,)'tanh (%))

—2(10+“’ “)smh( )+21 smh(,—')

)

—2(! Ll ”)smh( )+2I smh(—;—)

)

€, = 211+ 3t

C, Vs = 21, (14 cosh(72 ) ) tanh 3

2(103 QLR )smh( )

+21,,, (l +cosh (%)) tanh (;T,)

®

3. CIRCUIT IMPLEMENTATION

The 3™-order Elliptic filter in Fig. 4 consists of

three main building blocks, namely “T-cell”,*C-cell”
[6] and **S-cell”. The implementation of each cell will
be described as follows. The so-called “T-cell”, as
depicted in Fig.5 is a hyperbolic tangent
voltage-to-current converter and its output current is
given by (10), where V5= V,'-V, and ¥y is thermal
voltage.

_diff

= I, tanh 10
()lll t
b 2 (10)

The so-called “C-cell” has an output current given
by(11). It can be realised by the circuit shown in Fig.6.

v,
= 21b|:l+cost{ o H
%

2
The output current of the so-called “S-cell” is

(1)
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given by (12). The “S-cell” can be realised by the
circuit shown in Fig. 7.

Finally, The circuit used to generate the compensation

V
iy =21, sinh V (12)

T

current (Iu +£;'L%) is the same as that given in [5].

4. A CURRENT-MODE PEAK DETECTOR

In a syllabic companding fanh filter, a means of
measuring the strength of the input signal is required.
In this work, this is obtained by measuring the
envelope of the input signal using a peak detector.
This paper proposes a new current-mode peak
detector suitable for a syllabic companding filter. The
design of the proposed peak detector can be derived
from the classical diode-RC circuit, as depicted in
Fig. 8(a). The operation of the diode-RC peak
detector can be described by the block diagram in
Fig. 8(b) and its output voltage is given by

) (13)

p[ M(Vin - Voul)
Vr

where [, is the diode’s saturation current and M is
unity of a real diode. Due to a non-zero voltage drop
across a real diode, the DC output voltage of the circuit
in Fig. 8(a) is less than the peak voltage of the input.
The voltage difference can be reduced by increasing
the value of M, which effectively makes the circuit
emulates the characteristic of an ideal diode (M=)
more closely. As a result, the accuracy of the peak
detection is high, even for small input signal level.

The peak detection of Fig. 8(b) can be identically
realised in current-mode as described by a simplified
block diagram in Fig.9. The output current of the
current-mode peak detector is given by

_ (]a/CVT) M(Vﬂr—Vbuue)
1., _(s+(!a/CV,) I, exp v (14)

where V. =V, In(I_/1_.), Vsas is a DC bias voltage.
1t can be seen from (14) that the cutoff frequency of the
peak detector is w, =1,/CV; . The single-ended
implementation of the current-mode peak detector is

shown in Fig.10, where M=2 is obtained by a current
squarer circuit.

R,1.
(I +SCL L)

onl T

5. SIMULATION RESULTS

A differential version of the 3"-order elliptic
syllabic-companding ranh filter in Fig.4 was designed
and simulated using Cadence Spectre with parameters
from a 0.8-um BiCMOS technology. In nominal
operation, the circuit has the following parameters
T=lg1=lo2=103=5 pAd , 1ps3=2.5 pA ,C,=60 pF,Cy= 50 pF,
Cy=32 pF, C,=1 nF, VCC =3 V and Vi, =1.5 V. The



frequency response of filter is shown in Fig.11, while
Fig.12 shows the transient response of the filter. Fig.
13 shows the simulated third harmonic component and
the output noise spectral density integrated up to 1.5
MHz. The cutoff frequency of the filter was set
to 1 MHz, and a single test tone at a 400 kHz was used.
As shown in Fig.13, the maximum input dynamic
range of the filter is 81.5 dB.

6. CONCLUSIONS

A systematic design of a syllabic companding tanh
filter, base on a Gm-C filter prototype, has been
presented. The circuit employs the highly non-linear
tanh function to realise a linear filter. Circuit
simulation verifies the filter operation and evaluates
the performance of the filter. The proposed 3" order
filter can obtain a maximum input dynamic range of

81.5dB.
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Figure 2. a) Conventional filter b) Filter with input
and output companding blocks added.
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Figure 3. Third-order Elliptic gm-C filter prototype.
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Figure 5. (a) T-cell schematic (b) T-cell symbol.

(b)
Figure 6. (a) C-cell schematic (b) C-cell symbol.
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Figure 7. (a) S-cell schematic (b) S-cell symbol.
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